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VAI.UATIOM OF HATER QUALITV IMPROVOIENTS 



Anthony Bruno and Patricia Blyth 

Policy and Planning Branch 

Ontario Ministry of tha Environaent 



Quantifying and valuing the economic benefits that 
would result from improvements in water' quality irf 
a challenge for researchers and policy makers. The 
process involves unravelling complex linkages in an 
environment where information is often inconmlete 
and relationships not fully understood. Studies 
which have attempted to evaluate changes in water 
quality have defined two types of economic benefits 
associated with an improvement in water quality: 
benefits which accrue to individuals who use the 
water and benefits which accrue to individuals who 
place a value on the knowledge that the water is 
cleaner. This paper focuses on the steps that are 
involved in trying to quantify and value these 
types of economic benefits. Examples of how 
studies have tackled this problem are also 
presented. 



LINKAGES BETWEEN CLEANER HATER AND USE 

Policy makers are faced with important decisions concerning 
desired levels of water quality and expenditures on control 
activities. In terms of policy development, it is important 
to know how expenditures to improve water quality wjll 
ultimately translate into benefits for individuals, 
communities or society as a whole. An attempt to value these 
benefits will assist decision-makers in identifying the 
series of trade-offs among water quality levels, expenditures 
required to obtain those levels, and the different uses that 
result . 

Conceptually, the problem is relatively straightforward and 
simple. A particular water body is polluted thereby 
precluding certain end uses and the overall feeling that the 
water is not clean. The introduction of pollution control 
activities are required to improve the quality of the water 
allowing various water use activities to be restored. 
However, it will be shown that in reality the problem is far 
from simple. 

The benefits of improving water quality differ from other 
environmental goods such as air quality in that improvements 
in water quality translate into a number of end uses 
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including: swimming, fishing, boating, commercial fishing 
and more passive recreational activities such as bird 
watching, and picnicking near the share. In addition, there 
are other intrinsic benefits unrelated to water use that also 
reguire guant if icat ion . 

Intrinsic benefits arise from knowing that the improved water 
quality level will be preserved for our personal future use 
as well as for the use of future generations. Intrinsic 
benefits include option, existence, and bequest values. 
These intrinsic benefits are not restricted only to persons 
surrounding a particular water body, but could also be held 
by individuals on a provincial, national, or even global 
scale. These use and intrinsic concepts of value are further 
elaborated in Table 1. 

TABLE 1 



"Use Values" are held by individuals who have an 
increase in welfare by actually using the cleaner 
water, for example, swimming or sportf ishing . 

"Intrinsic" value which arises from knowing that the 
water is cleaner and the option of participating in 
enhanced recreational opportunities. Intrinsic value 
can be subdivided into; 

Option value refers to an "insurance" value 
associated with maintaining the option to use the 
resource in the future. 

Existence value refers to the value placed on 
knowing that conditions have been preserved or 
improved . 

Bequest value refers to the value placed on being 
able to pass on to the future generations better 
environmental conditions. 



Measuring the value of recreational use and intrinsic 
benefits to society is problematic because these goods or 
services cannot be purchased or sold in markets as are cars 
or clothing. Environmental goods are classified as non- 
market or "public" goods which unlike market goods, do not 
have a specific price attached to them. Therefore, non- 
market goods such as water quality cannot be divided into 
separate units and are available to many people at the same 
time. Market or "private" goods are separate units which are 
purchased by individual buyers. For example, if one person 
buys an apple and eats it, another customer cannot buy the 
same apple. The lack of a formal market makes it difficult 
to place a price on public goods. 
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Quantifying and valuing the economic benefits that stem from 
pollution control activities involves consideration of the 
following relationships: 

The effect of the implementation of control activities 
on pollutant loadings. 

The relationship between the reduction in discharge of 
particular pollutants and the change in water quality. 

Translation of the change or improvement of water 
quality into a change in use. 

The relationship of the increase in use in terms of 
physical units and the monetary value of these units. 

The first two relationships are non-economic in nature and 
deal primarily with physical and biological processes. When 
pollutants are discharged into a watercourse, they enter a 
complex biological and chemical system which may result in 
the transportation, degradation and transformation of the 
contaminants. For example, when organic wastes enter a «ater 
course, they are degraded by bacteria. This reduces 
dissolved oxygen levels {a measurable component of water 
quality) to an extent and at a rate that depends on water 
temperature, wind, river flow rates «"d other physical and 
biological characteristics of the water body (Kneese 1984)^ 
To further complicate matters, a reduction in one pollutant 
may affect one use favorably while affecting an alternate use 
in a negative manner. Because of these Inter-relat lonships 
it is difficult to establish a direct linkage between the 
contaminant discharged and its affect on water quality. 

Water quality models have been used to predict how a 
reduction in a certain contaminant affects indicators of 
water quality, but often, such models are limited to the 
prediction of the effect of a change in only one aspect of 
?he ambient conditions, such as dissolved oxygen <K"««"- 
1984 and Marshall Macklin Monaghan, 1988). More complicated 
interactions often cannot be characterized "°"°""i,*^"» 
models cannot often definitively link the level of P°ll"^^"t 
reduction to desired uses. It is an area of research that 
has just begun to touch the surface of the problem. 

The third linkage brings together biology and economics The 
biophysical indicators of water quality are translated into 
an increase in recreational or commercial use of the water 
body. As discussed above, the complexities of the physical, 
chemical and biological processes of the water courses often 
make it difficult to establish an explicit linkage between 
water quality and use. Making this linkage is essential in 
analyzing and valuing economic benefits. 
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The last linkage draws upon economic theory to aid in 
assigning a dollar value to an increase in use. These latter 
two relationships are the focus of this paper and are 
discussed separately below. 

TRANSLATING IMPROVQIENTS IN HATER QUALITY TO AN INCREASE IN 
USE 

To value the benefits associated with each level of water 
quality requires an estimate of the increase in use of 
different activities and the value of that increase. 

Improvements in water quality may give rise to an increase in 
recreational activities in two ways; new activities may be 
made possible, while existing activities may be made more 
enjoyable. In the literature, moat studies do not estimate 
benefits from enhancing the activity. Therefore, thia 
discussion will be limited to the valuation of new 
activities . 

A variety of methods have been employed in the literature, 
some using sophisticated techniques, with others relying 
heavily on professional Judgement. One technique is to 
estimate the change in participation by means of regression 
analyses. This method was applied in a national study on 
fishing in the United States. A telephone survey of 300,000 
individuals was conducted to determine whether individuals 
participated In fishing. The data were then used in 
regression analyses to project fishing as a function of water 
quality (Vaughan and Russell 1982). It was estimated that 
for the U.S. the total user-days per year of fishing would 
increase by 11,000,000 as a result of water improvements due 
to the introduction of the U.S. Federal Water Pollution 
Control Act. 

Another method is to apply elasticities to the current number 
of user-days. A recreational use elasticity represents the 
responsiveness of activity levels to different quality 
levels. This provides an estimate of the change in user-days 
that would result from an improvement in water quality. A 
study on recreational benefits in Ontario used this method to 
estimate the increase in recreational days that would result 
from a 25% reduction in phosphorous. Using literature based 
elasticities, it was estimated that user-days for 
recreational activities would increase by a total of 50,000 
for six lakes {DPA, 1987). 

Sometimes, other rather inventive methods have to be found 
when limited information exists. One study based their 
estimates on the actual fish yield that would result if 
certain control technologies were implemented (Marshall 
Macklin Monaghan, 1988). It was estimated that 
implementation of these control measures would result in an 
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increase of between 2 700 and ■; Ann .„ i j 

1987) Whii. .K ''"/'"'^"^ =""^y (Metropolitan Toronto 

It is recognized however rhat- t-h^... 

=:^— £-;«r iS-H u/-H"?"i- 

determining ^s^; p''eople'-mar'n'oT'°" ^'^^ " "^^ "^« "" 
sJ:nd^t^^^e -a^^^S/7?;-"- ""- ^''----- 
^^J^^. ^.rE - -=" ■ """- " "^ 
^^c^-s^ha^HiS^?" ^ ^^^^'.'-^ ll^^t 

area would begin to bridal '.^ V' "°" ""'"^<=h i" this 
produce hard.r''i„"d -"ore V/e'd^b^^'be^n-ZfTre'sV^/L,?-. ""^ -""^ 

VALUATION OF BENEFITS 

Economic theory provides us wi«-K «-!.. 

-t^i^:irb:-fe - ^-5?^-^ -^-^-^ - 

quality. result from improvements in water 

b^ing^irdufedT; chan^r^^^f^"^" ^" ^" individuals well 
using monetary ^values The LnT^""*"^"" ^^"^^ °^ ' ^ood 
benefits or "welfar-- nf monetary measure of consumer 

creation or%nhancement of end-uses i^u "'"i' ^" "« 
regarding the levels of inJT.^ V "akmg decisions 
activities, the value of wa^er oua!1tv ?''""«'* ^°'^ ""trol 
be quwitified. quality improvements needs to 

»::re'of v?iurwhi°ch"shor:r^ ''"^''^"'•" " - — ^^ 

^^a^^^'i^'d^^^^- "r -^--^"---- 

inaiv.<.u.x would y."w^^^^„v t?%r rin rrti^n-'goTtLv^ 
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would bt ITAT . «l"«dy paying for it. The individual 
current nri.- 7 ^1° ^^'^ .^ ''*^''" P"^^" °"" '"^ '"ove the 
rather th. the good in order to continue consuming it 
"l\" '" '"""' ^"^ "P- The maximum wiUingness-to-pav 
(WTP) represents this additional benefit or value the 

the TooH ' ',. ^*'' '"*"'' ""-"""^ ^l^* individual spends on 
Thereof ore The" """"^ ^^ ?"'*" *^»" *»"» individual's WTP 
Therefore, the surplus value, or the difference between th. 
maximum WTP and actual expenditure. is referred to ! 
consumer's surplus. reierrea to a 

The concept of consumer's surclua for a tr-^^in^ ^ . •. 

ure^trm^e'' Illustrated .n ^Ig^r/T. \ZtrcZl\sTj^r. 
used to measure maximum WTP, actual expenditures and 
consumer's surplus. The demand curve is made up of a ^er"s 

?he''demrnr'"*"^ ""'l' °' ^"'"^^ '°' » P"ticular commodity 
The demand curve is downward sloping because it demonstrates 

consum'i an" /h^.'"" ," ^''^ "^^^ "" individuarpays " 
consume an additional unit of a good increases the 
individual will consume less of the good increases the 

.^2<f^^'^ ^' ^^ ■" individual were charged price P for each 

cC ve°'p&B""^"How:;e" ""V," '""'' "" "" -<^" the de^^nd 
willlna Vi „.„ However collectively, individuals would be 

toiil Vp f,^ ' P"". ^'^*'" ''^"' ^- ">"«' individual, 
total WTP is represented by the area AOQB Consumer'. 

under^thT'"/"' difference between these two quantTti." 

W?P L^' ^""1" '=""« *PB. The value of area APB represents 

the r '"""fi"^ ."'l"* °f the good which is associa^Jd with 
the concept of valuing benefits. ■-iov.ea witn 

Pifvr* i 
THt COMCEPT OF tCn«nuir m.^ . ct«,«««. . , ,„ 
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As mentioned earlier, since water quality is a public good, a 
unit price for the good cannot be easily determined. 
Rowever , it is clear that people value clean water. 
Studies relating to water cpaality have used a variety of 
economic tools or methods to estimate consumer's surplus 
associated with Improvements in water quality. The next 
section concentrates on some of these methods. 



Economic Valuation Methods 

The methods can be grouped into indirect and direct 
approaches which are illustrated in Figure 2. These methods 
which estimate the value of consumer's surplus incorporate a 
complex set of assumptions which are specific to the site 
studied and the population who can or will utilize the water 
body for various activities. 
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Indirect Valuation 

Indirect methods attempt to infer implicit values for water 
quality changes based on the prices of private goods and 
services. One approach is the hedonic price method (HPM), 
which attaches monetary values to environmental goods through 
the analysis of housing markets. This method relies on 
actual observed real estate prices and behavior that 
individuals undertake an response to the effects of changes 
in water quality. In other words, changes in water quality 
levels would affect an individual's decision to buy or sell a 
home since the level of pollution in a water body will 
ultimately affect the price of the surrounding properties. 

Another approach is the travel cost method (TCM), which 
estimates the demand for recreational activities. This 
method estimates WTP for recreational activities from the 
costs of travel and time incurred in getting to the site. 

A third method is the household health production method 
where monetary estimates of health damages associated with 
water pollution are derived. A functional relationship is 
developed between human health attributes, exposure to water 
pollution, and expenditures on private goods (such as 
pollution abatement equipment and medical services) which 
minimize health risks . 



Direct Valuation 

A direct approach in valuing improvements in water quality 
attempts to elicit consumer ' s valuations through survey 
interview methods. The contingent valuation method (CVM) 
relies on the individual responses of a cross section of the 
affected population on their willingness to pay for a given 
improvement in water qual ity which increases and/or enhances 
various recreational uses. The approach may also be used to 
determine amounts individuals would be willing to pay for 
avoiding a deterioration in the level of water quality. 

These direct and indirect methods have been employed in 
studies to est imate consumer * s surplus . Table 2 shows the 
range of values for a fishing day that have been estimated by 
various studies. These estimates of consumer's surplus were 
derived using the direct survey approach or the travel cost 
method . The economic value of one day fishing ranges between 
$6 and $95. The lower dollar estimates may be more 
representative of the value associated with waterbodies that 
do not achieve an edible sportsf ishery . The higher values 
may represent excellent fishing conditions where high 
populations of sport fish, such as trout and bass, are 
stocked. The range could also be attributable to the 
location and characteristics of the fishing experience, or 
the methodology employed in the study. Studies estimating 
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consumer's surplus usually incornnri*r^ =» <=^f <■ 

and descriptio^ns ^^ic^ \W''i::^:[y'l/^^^^^ 

being examined. For these reasons, it is preferable to 

conduct primary data and research on WTP Preferable to 



Table 2 



6STIMATES Of CONSUMER SURPLUS ASSOCIATED 

WITH RECREATIONAL FISHING (USE VALUE) 

(in 1987 Canadian Dollars) 



Activity 
Being Vahicd 



Location 



K«crf*bon«l ^iNng 



llc<rc«tion«l Fithing 



R«<re«t>oA*l Ftthinf 



( Onivio UkM 



Vtaori*. i.c 
C«mpMI Rjv*/ . • C 

Port Aibvrni, IC 



AJb*ru 



Consumer 
Surplusptr 
Fishing Day 



tit 



24 
40 
47 
•3 
ffS 



Angl.ng 



Trout Fithtr^ 



fiihinq 



ri*h.»9 



H«libunonMutkolu ll«9»w 
Onuno 



l*ki or Um Woodt. Onitne 



rt«-fiihiftQvt«, usjk 

^••■fiihtftfl lain, u SA 



Ad>ror^«cfcK N V 



Source of 
Estimats 

OPAftutfy 



Of A Study 



Adamowici And Phillipi 



13 
It 



$r^4k« K««r. (d«he 



Victor tna Surr*U 



^^OWtfh. SUf«bury tna Mich«l«lu 



V*u9h«n *nd Kuiwtt 



OPA Study 



OPA Study 



— s^iistir^^ii- ?n^f fo/s-.f?irs:^£L?f rssr- 



TZl7u,' Pr'"'"y information and research ia not always 
possible due to budget constraints or a short study 
time-frame. In these cases, studies have used yalues from 
the literature in benefits estimation If thi, m^^^ J 

ciZi::!r:rM\.r^Lrr.i'Az'-^ ^^ ex^pie.°a":^;dy 

t^^,^ of'"'" o'v^alutr-^r^-m '':^:'lt^.J;^^l^\J^l 
•:^rVf'bLer%TVnd"nrtr s:le/tVd''^?'o r%V:s:„^t th 
e'lirn-te^^-b-ecYusT i^ w^a's "f^Vt-^ha^f """"^^^^^ 
exceptional fishin, =ondit?o;. '.h\k ^j^o^'ld 'n'o^^Jr^pra^b!^ 
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.o t.e condition, s. the "a^aton Harbour^ sit^e^^^B^^^^^^^^ 
their "ti""'^* °LJures were in-plemented the total annual 
re^iliu,7ro^rf\s;?nVwVs Zll.^^'e. as SUO.COC pe. year. 

.. ..oul. .e noted that -hen e-i»atin, ^ the^^consu^er^ . 

surplus for recreational fisning, 

are encountered: 

1. Distinction between types of species. 

2 Distinction between edible and non-edible fish. 

Oenerally spea.in.. t-t >,„, -i^eV-, j^rJuV af'ca^" 
„ore preferable '^'j»" //,f„t"/blv be valued higher by anglers. 
These species would P"^'* " IhT. to eat the fish would also 
Mso. ii 1. lil^ely '^"•^^^^vatue %,!s coutd be a result of 
result in a high" •""""f^^^^^^^^ases because the fish are 
two factors: P"VfJfo„ic value increases because they are 
edible and/or the economic value i ^^^^ distinguished 

edible. Unfortunately, "° =\"f^"ible sport fishery. m the 
between a sport fi,^hery and an edible p ^^^^^^^^^ that 

Marshall Macklln """'''h'" /*"°y' J^bi^ fishery. No attempt 
higher values may be Pla«f.°" ^^cause it was not clear to 
wal made to "^^"f^'^^te" of consumer's surplus would vary 
fcfordi^"- lh:the%"th:7is°/was edible or non-edible. 

^f Is similar to estimating the 
Estimating i""^" ^=,,'1^"%,*% that defining the population 
value of user ''*"«^.^'=' ""^tif ying economic value is more 
area for the ^-^^ :cclUTeTJ.llll'' population affected is 
^of u:ftedto"onfy°u«r. of the water body. 

conceptually, it is -,;»i,-,^to^^!the% V" -v^ttn^ ."haj^ 
be willing to pay something t° Either p^^^ ^„„„i^dge that the 
the option to use i^ i"J^he future ^^^^ ^^^^ .^ ^„t 
water is cleaner. The <J""'''°" „ m intrinsic value, 
realistic for "tim.ting an inc„„e ^^^^ ^^^^^ ^^ 

There are a 'i" '^^^^ °/„ ^Sacklin Monaqhan study (1988) 
investigated. The "arsh'll "'^'^l^^ of households in the 
applied estimates of value to the numo ^^^ ^^^ ^.^^ 

Regional Municipality °^ . " *" " '^ "" t "mp t to estimate intrinsic 
Burlington. The =t"<»y ^^^V" area even though it is also 
values for a larger target »"» J^"^ i,„l some value on 
feasible that every h°""h°l\i^^°"\'t Hamilton Harbour. How 
improving the ''^\"J^J'^,\\l 7„;;, these two groups' It s 
would economic value ^^^""_*"^e water body would value it 
possible that residents near the water y ^^^^^ ^^^^ 
Lre than residents living furthe^r^^away ^^ ^^^^^^^^ ^^^^^ 

"a^^rer-enfef iitho^ut Toltecting primary data. 
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ESTIMATES OF INTHINSIC VAIOES 
(19«7 Canadian Dollars per Household per Tear) 



Non-Ose Valnas 


Option 


Exiitenca 


Beqnest 


Total 


Grcenley, Walsh i Young* 


5 37 


S 


41-56 


5 28-53 


S 106-146 


Smith and Desvousges:** 












From boatsble to 












(ishabU 


Ifl-33 




n/a 


n/« 




From bo«t«bU to 












swioable 


34-44 




n/a 


n/a 




Marshal Mucklln Monaghan 












FroB Boatable to 
flshable 


n/a 




n/a 


n/a 


87-146 














swlmable 


n/« 




n/a 


n/a 


$ 103-153 



The low.r astlmata of existence and bequest values relates to 
non-user household only; the upper estimate are from user and 
non-user households combined. 



Estimates derived using Iterative bidding from $125 are not 
Included In this range since they are considerably higher than all 
other estimates. 

ce- Marshall Macklin Monaghan Limited, Assessment of Proposed 
Remedial Actions Plans for Hamilton Harbour, 1988. 
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fhe range in values are discussed in 
trpSSK^ .VsVr"o^?re""e; «^ ci.ed in: 



methodology among th. studies 



.he s.» and Characteristics of the water bodies of 

concern 

, A, Of the proposed changes in water quality 
- Ind thr:ayt\fwhi:h''th'ese quality changes are 

described 
. alternatives available to -individuals^.ein,^s^^^^^^^ 

-r.? llTll ra::i!ed''?rget to cleaner la.es to rivers 
whtch offer these opportunities 

indicative of the magnitude 
Estimates of intrinsic "'•"•„ •\"^ '^"/^^it from improvements in 
of the likely benefits th.': '""^^^f" become more credible as 
:rr:%e^s:ir%\^iB'rducVeV"frthe techniques and approaches 
•mployed tested and improved. 
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make informed decisions regarding the allocation of 
resources, these values, whether user or intrinsic need to be 
incorporated into the decision-making process to portray a 
more balanced picture of the problem. 



CONCLUSION 

..timating the --^ ^ /^'^^'^-^ - ^ ^ 
r^- --J'^Hi^and^iL?:r"nX "^ ^ 
there are a number of P;°^\«"""i^*i/engineering =Ph«« '^'*^^^« 
of the equation - the '''°/°''' i/ed by researchers that this 
economic analyses. It is '^*"^'" ^^^^ 'ig required in all the 
problem is indeed "mplex^ More -"^ "^ information on 
t^an^^tti^g the^ po?lut■i*o^n^^erucf " into ^;;P-ve»ents^^in 

:'r>^!:?- -°— ^"^"^ "^ --' *>-•"' 

estimates. . 

Benefit estimation IS a v.blec^omponent^^;^^ 

making process and •';J_°"" "V„ terms of improvements in 
measures are buying ^^"^ , difficult concept for most 
environmental quality. ^"^' .^,'-,, everyday when decisions 

to comprehend, but it i»""f,;,V°„oe"«^"^ ''*''' '>«"''"*^ "' 
.re being made. ^he only difference ^^_^^g^^^ ^^^ ^^ 

•re trying to value pertain to qoo „^ value? 

til market place. Does this mean th.t^they ^^^^^ 
Clearly people do place ' "^'^^^ ^o allow policy maker, to 
air, trees, and parKS . 
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